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Mandibular condylar defectAbstract Mandibular destruction resulting from tumours, trauma, congenital, ankylosis and other
reasons leads to disturbed masticatory function. The ideal goal would be to reconstruct a condyle
that is similar to the original. However, each of the condylar reconstruction approaches in current
has speciﬁc shortcomings. Tissue engineering can provide a method to overcome these difﬁculties. A
tissue-engineered mandibular condyle composed of bone and cartilage has been reported, but the
strength and shape of the scaffolds used cannot meet the requirement of the clinical use. Freeze-
dried allogenic condylar bone is biocompatible, bioresorbable of low antigenicity and provides
the morphology for the condyle similar to the original. It is a good scaffold material for tissue engi-
neering. The three-dimensional porous internal titanium scaffold is also biocompatible; it can be
easily made into the shape that we need. The two scaffolds have sufﬁcient mechanical strength
before no bone formation. Hence, we hypothesise using a three-dimensional porous titanium scaf-
fold or an allogenic bone scaffold combined with osteogenic, chondrogenic material and bone
marrow stromal stem cells in vivo tissue engineering to repair condylar defects. This article discusses
the hypotheses.
ª 2013 Tehran University of Medical Sciences. Published by Elsevier Ltd.D license.
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The mandibular condyle, an important part of the temporo-
mandibular joint (TMJ), has complex architecture and
mechanics. Mandibular destruction resulting from tumours,
trauma, congenital, ankylosis and other reasons leads to dis-
turbed masticatory function, speech, swallowing, mandibular
growth, and compromised facial aesthetics. The ideal goal
would be to reconstruct a condyle that is similar to the origi-
nal. Reconstruction of condylar defects is challenging but is
also a necessary process in the clinical case. The reconstructed
condyle should have the structure with shape and organisation
similar to the original condyle, with morphology and size
matching the articular fossa, contain cartilage on the articular
surface and subchondral bone. This poses a great challenge to
reconstructive surgeons. Although there are many condylar
reconstruction options, each of these approaches has speciﬁc
shortcomings.
Autologous grafts, such as the rib, iliac crest, ﬁbula and
sternoclavicular joint, have been used for many years [1–4].
However, they cannot reconstruct the cartilage of the condyle
[5] Costochondral grafts are indicated in simultaneous recon-
struction condylar defects of bone and cartilage [6,7]. Unfortu-
nately, it has unpredictable regrowth potential [8,9].
Furthermore, all the autologous grafts suffer from donor site
morbidity [10], their supply is limited and they are occasionally
not suitable for the expected reconstruction owing to poor tis-
sue quality or the difﬁcult sculpting needed.
Some alloplastic TMJ replacement systems have been used
to reconstruct the defect of the condyle [5,11]. Although good
results are possible for a short period postoperatively, a metal
condyle is potentially dangerous for the glenoid fossa [12]. Be-
sides, these systems or devices are associated with an increased
susceptibility to infection and have an uncertain long-term
durability, with occasional extrusion from the operative site
[13–15]. In addition, alloplastic replacement cannot restore
the articular cartilage wrapping the head of the condyle.
With the bone banks being built, and bone allografts hav-
ing been used in other ﬁelds successfully, this presents another
approach to reconstruct mandibular condyle defects [16].
However, allografts often trigger immunologic rejection.
Freeze-dried bone has little immuno-rejection [17]. However,
the articular cartilage has been destroyed on the freeze-dried
bone, and the speed of osteogenesis becomes slow.
Tissue engineering can provide a method to overcome these
difﬁculties. A tissue-engineered mandibular condyle compos-
ing bone and cartilage has been reported [18–20], but the
strength and shape of the scaffolds used by the authors cannot
meet the requirement of clinical use. Freeze-dried allogenic
condylar bone is biocompatible, bioresorbable of low antige-
nicity and provides the morphology for a condyle similar to
the original. It is a good scaffold material for tissue engineer-
ing. The three-dimensional (3D) porous internal titanium scaf-
fold is also biocompatible, it can be easily made into the shape
that we need. The two scaffolds have sufﬁcient mechanical
strength before no bone formation. So, we hypothesise using
a 3D porous titanium scaffold or allogenic bone scaffold com-
bined with osteogenic, chondrogenic material and bone mar-
row stromal stem cells in vivo tissue engineering to repair
condylar defects.Hypotheses
A tissue-engineered mandibular condyle composed of bone
and cartilage has been reported [18–20], but the strength and
shape of the scaffolds they used cannot meet the requirement
of the clinical use. Freeze-dried allogenic bone has little immu-
norejection [16,17]. Furthermore, freeze-dried allogenic condy-
lar bone is biocompatible, bioresorbable, of low antigenicity
and provides the morphology for a condyle similar to the ori-
ginal. It is a good scaffold material for tissue engineering. The
3D porous internal titanium scaffold also is biocompatible; it
can be easily made into the shape that we need. The two scaf-
folds have sufﬁcient mechanical strength before no bone for-
mation. So, we hypothesise using a 3D porous titanium
scaffold or allogenic bone scaffold combined with osteogenic,
chondrogenic material and bone marrow stromal stem cells
in vivo tissue engineering to repair condylar defects. The pro-
posals are as the following:
1. Allogenic bone scaffold (Fig. 1):
First, harvest and culture bone marrow stromal cells
(BMSCs). BMSCs can be easily isolated from crest bone mar-
row aspirates. Marrow cells were centrifuged, resuspended in
serum-supplemented medium and cultured according to com-
mon methods. Upon reaching 80–90% conﬂuence, primary
BMSCs were trypsinised, counted, and passaged at a density
5–7 · 105 cells/100-mm culture plate. Second, the same ﬁrst-
passage BMSCs were treated separately with chondrogenic
or osteogenic specially formulated medium. Third, allogenic
condyle was received from the bone bank according the size
of the defect. The allogenic condyle was hollowed out by re-
moval of all spongy parts and the cortical portion was shaped
into a tray. Some pores were punched into the cortex. The
shaped allogenic condyle was marinated into antibiotic solu-
tion for 5 min. The condyle was then secured into the defect
and rigidly ﬁxed with screws. Fourth, BMSCs-derived chon-
drogenic cells were mixed with hydrogel (Pluronic F-127) at
a concentration of 5 · 107 cells ml1. About 2–3 ml mixture
of chondrocytes and scaffold were painted on the surface of
the mandibular condyle. BMSCs-derived osteogenic cells were
mixed polyglycolic acid/polylactic acid at a concentration of
5 · 107 cells ml–1 and then injected it into the hollow and pores
of the allogenic mandible. The wound was closed layer by
layer.
2. 3D porous titanium scaffold (Fig. 2):
The ﬁrst and second steps are the same as for the allogenic
bone scaffold. Third, 3D reconstruction of the mandible with
defects on the basis of mandible tomography anatomical infor-
mation through computed tomography (CT) scanning was
conducted, design surgery and an individualised 3D porous
titanium scaffold was prepared by means of 3-dimensional
printing (3-DP) rapid prototyping. A 3D porous titanium scaf-
fold was placed in the defective condyle. The prosthesis and
bone stumps were ﬁxed with screws, combined with osteogenic
material (hydroxyapatite) and BMSCs-derived osteogenic
cells, by which the biomembrane could be absorbed by the cov-
er. Fourth, BMSCs-derived chondrogenic cells were mixed
with hydrogel (Pluronic F-127) at a concentration of 5 · 107
cells ml–1. About 2–3 ml mixture of chondrocytes and scaffold
was painted on the surface of the mandibular condyle. The
wound was closed layer by layer.
Fig. 1 Allogenic bone scaffold.
Fig. 2 Three-dimensional porous titanium scaffold.
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To evaluate this hypothesis, 36 Beagles, weighing 10–15 kg,
were used; they received condylar defects in each right mandi-
ble. The Beagles were divided into four groups. The condylar
defects of the ﬁrst group (nine beagles) were reconstructed
using allografts only. The second group (nine beagles) was
reconstructed using allogenic condylar scaffold loaded autolo-
gous MBSCs. The third group (nine beagles) was recon-
structed using a 3D porous titanium scaffold only. The
fourth group (nine beagles) was reconstructed using a 3D por-
ous titanium scaffold combined with osteogenic material
(Hydroxyapatite)-loaded autologous MBSCs. Beagles from
each treatment were sacriﬁced at 4 weeks, 12 weeks, 24 weeks
or 48 weeks after surgery. CT, micro-computed tomographyand radionuclide and histological analyses were used to evalu-
ate the reconstruction of the defect.
Discussion
The anatomic and functional features of the TMJ are complex.
The condylar cartilage is subjected to frictional and compres-
sive forces resulting from complex jaw movements millions
of times annually. It endows the joint with low friction and
abrasion that allow for smooth sliding between the load-
bearing and well-lubricated surfaces of the TMJ. Obviously,
to maximally regain the functions of the TMJ, restoration of
the cartilage for various condylar defects is necessary in the
treatment strategy. However, cartilage has limited intrinsic
capacity for restoration and regeneration. The vascular
72 C.-K. Liu et al.structure with inadequate blood supply further impairs the
regeneration potential [21].
To maximally rehabilitate the morphology and function of
the TMJ, one of the main objectives in the reconstruction of a
condylar osteochondral defect is to restore the articular carti-
lage on the condylar surface. Tissue-engineered cartilage pro-
vides an alternative graft material that can be transplanted
into the defects to facilitate restoration [18–20]
Tissue-engineered mandibular condyle composed of bone
and cartilage has been reported [18–20]. Weng et al. [24] have
successfully used mature bovine chondrocytes and osteoblasts
seeded on a polymeric scaffold moulded into the shape of hu-
man mandibular condyle and yielded discrete layers of carti-
lage and bone. Alhadlaq et al. [18] have successfully tissue-
engineered a human-shaped mandibular condyle from rat mes-
enchymal stem cells (MSCs) encapsulated in a biocompatible
polymer. However, the strength and shape of the scaffolds they
used cannot meet the requirement of the clinical use.
Scaffold, seed cells and growth factors are three basic ele-
ments for construction of tissue-engineered artiﬁcial bone. In
bone tissue engineering, scaffold materials could not only sup-
port and sustain the functions of original shape of organisation
structure, but also play as a template to provide osteogenic
materials and cells with a place for survival, growth, differen-
tiation and proliferation.
Internal tissue engineering scaffolds is the ideal material to
restore a condylar defect. The basic method is to plant normal
tissue cells cultivated and proliferated in vitro to a tissue engi-
neering porous scaffold with good biocompatibility, which
could gradually degrade and be absorbed in vivo, forming a
cell-composite scaffold. Cells proliferate and differentiate in
the scaffold; then, the compound is implanted into tissue de-
fects and continues to proliferate and secrete extracellular ma-
trix. As the materials gradually degrade, new tissues and
organs ﬁt for their own functions and shape will form to repair
defective ones. Internal tissue engineering scaffold material is
ideal for repairing condylar defects. Internal tissue engineering
support mainly provides cells with space for 3D growth, which
has bioactivity and can induce differentiation and growth of
cells and vascular ingrowth. Therefore, live bone tissues with
functions of human bones take form.
The allogeneic mandible is biocompatible, bioresorbable, of
low antigenicity and provides the morphology for condyle sim-
ilar to the original [17]. Xu et al. [22] investigated the effects of
freezing and freeze-drying on the biomechanical properties of a
canine’s mandible in 2006. They found that despite the de-
crease in anti-bending abilities, they were strong enough to
reconstruct the mandible and condyle. Advances in surgery,
physiology and immunology of tissue banking have made
mandibular reconstruction more successful [16]. Rochanawut-
anon [17] used fresh frozen allogeneic mandibular bone crib
packed with autogenous particulate cancellous bone marrow
to reconstruct four mandibular defects. With long-term fol-
low-up, all cases showed excellent facial contour and function
satisfactorily in mastication and pronunciation. Peng et al. [23]
used block freeze-irradiated allogenic mandible to replace 10
patients’ mandibles for a benign mandibular lesion. Follow-
up from 12 to 30 months postoperatively showed that 10 cases
gained good contours and functions. It is also a good scaffold
material for tissue engineering.
So, we hypothesise using a 3D porous titanium scaffold
or allogenic bone scaffold combined with osteogenic,chondrogenic material and bone marrow stromal stem cells
in vivo tissue engineering to repair condylar defects. If this
method can be used in the clinical case, the shortcomings of
the previous methods will be avoided.Overview Box
First Question: What do we already know about the
subject?
A tissue-engineered mandibular condyle composing
bone and cartilage has been reported; but the strength
and shape of the scaffolds they used cannot meet the
requirement of the clinical use. We have reconstructed
mandibular defects successfully using allogenic bone scaf-
fold-loaded autologous MBSCs. However, still some
questions remain to be addressed for condylar
reconstruction.
Second Question: What does your proposed theory add
to the current knowledge available, and what beneﬁts does
it have?
Freeze-dried allogenic condylar bone is biocompatible,
bioresorbable of low antigenicity and provides the mor-
phology for the condyle similar to the original. The 3D
porous internal titanium scaffold is also biocompatible;
it can be easily made into the shape that we needed. The
two scaffolds have sufﬁcient mechanical strength before
no bone formation.
Third question: Among numerous available studies, what
special further study is proposed for testing the idea?
The role of the condylar cartilage in condylar recon-
struction needs further study.Conﬂict of interest
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